INTRODUCTION
Global rice production is constrained by bacterial leaf blight (BLB) disease. This BLB disease is caused by Xanthomonas oryzae pv. oryzae (Xoo) pathogen. The disease has been reported in Asia, northern Australia, Africa, and the United States (A d h i k a r i et al., 1995; Sere et al., 2005 ; J i a n g et al., 2006) . In West Africa, BLB disease incidence and yield loss in farmers' fields was 70-85% and 50-90%, respectively (S e r e et al., 2005) . In West Africa, known Xoo isolates attack rice varieties with high level of pathogenicity and virulence (S e r e et al., 2005; O n a s a n y a et al., 2009; D e w a et al., 2011) .
In order to gain better knowledge of Xoo pathogens virulence, various virulence characters and molecu- Global rice production is constrained by bacterial leaf blight (BLB) disease caused by Xanthomonas oryzae pv. oryzae (Xoo). BLB disease incidence in West Africa was between 70-85% and yield loss in farmers' fields was in the range of 50-90% from 2005 to 2010. In the present study, African Xoo virulence gene OPP-17 2000 DNA marker was identified and purified using randomly amplified polymorphic DNA polymerase chain reaction (RAPD-PCR) products from 50 Xoo isolates. Genomic DNA of 50 Xoo isolates were analyzed using OPP-17 primer in RAPD-PCR during which African Xoo virulence gene OPP-17 2000 DNA marker was identified, purified, cloned, and sequenced. Cloning and DNA sequencing of African Xoo virulence gene OPP-17 2000 DNA generated a 1953 bp nucleotide sequence consequently tagged as AXaVrg-1953 . BLAST homologous analysis of the AXaVrg-1953 sequence provides comprehensive identification of the type II secretion genes and secreted proteins, type III secretion genes and secreted proteins in African Xoo virulence gene. Phylogenetic unweighted pairgroup method arithmetic (UPGMA) analysis revealed the African AXaVrg-1953 sequence was distinct from the other Xoo virulence gene sequences from China, Japan, Korea, Germany, and the United States. This information is potentially useful for effective management of BLB disease in West Africa.
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Bacterial leaf blight, Operon primer, RAPD-PCR products, Xoo virulence gene DNA marker, cloning, Secreted proteins, BLAST, West Africa Besides the hrp encoded genes secreted via T3SS, there are extracellular polysaccharide and proteins secreted through the general type II secretion system which includes degradative enzymes such as pectate, lyases, cellulases, xylanases, proteases and toxin production that contributes to the virulence of phytopathogenic bacteria in host plant cells (A l f a n o , C o l l m e r , 1996). Type II secretion genes and secreted proteins also play important roles in the interaction of The main goal of this study is to carry out molecular DNA sequencing and analysis of the African Xoo virulence gene DNA marker using the characterized Xoo isolates virulence pathotypes and genotypes previously identified by O n a s a n y a et al. (2009) and O n a s a n y a et al. (2013), respectively.
MATeRIAl AND MeTHODS

Bacterial isolates
Fifty Xoo isolates (Table 1 ) used in this study were from the studies by O n a s a n y a et al. (2009) and O n a s a n y a et al. (2013) . The identity of all the fifty Xoo isolates was confirmed by oxidative biochemical test, as well as their virulence pathotypes and genotypes (O n a s a n y a et al., 2009, 2013) .
Isolates propagation
Xoo isolates were first propagated using a modified procedure developed by A k a n j i et al. (2011) .
Nutrient broth (75 ml, pH 7.5; Sigma-Aldrich, St. Louis, Missouri, USA) was prepared inside a 100 ml conical flask. Each stored Xoo isolate (100 μl) was transferred into 50 ml of nutrient broth and kept under constant shaking at 30°C for 24 h for bacterial growth. The bacterial cell was removed by centrifugation, washed with 0.1 mM Tris-EDTA (pH 8.0), and kept at -20°C for DNA extraction.
genomic DNA extraction
The DNA extraction was performed according to O n a s a n y a et al. (2013) with some modification. Totally 0.3 g of washed bacterial cell was suspended in 200 μl of Cetyl trimethylammonium bromide (CTAB) buffer (50 mM Tris, pH 8.0; 0.7 mM NaCl; 10 mM EDTA; 2% hexadecyltrimethylammonium bromide; 0.1% 2-mercaptoethanol -all Sigma-Aldrich), followed by 100 μl of 20% sodium dodecyl sulfate, and incubated at 65°C for 20 min. DNA was purified by two extractions with chloroform and precipitated with absolute ethanol at -20°C. Purified DNA was washed with 70% ethanol, then was dried and resuspended in 200 μl of sterile distilled water. DNA concentration was measured using a DU-65UV spectrophotometer (Beckman Instruments Inc., Fullerton, California, USA) at 260 nm. DNA quality was checked on a 1% agarose gel in Tris-Acetate-EDTA (TAE) buffer (45 mM Tris-acetate, 1 mM EDTA, pH 8.0; SigmaAldrich) after electrophoresis.
RApD-pCR analysis
The randomly amplified polymorphic DNA polymerase chain reaction (RAPD-PCR) analysis was performed according to O n a s a n y a et al. (2013) . The OPP-17 primer (5'-TGACCCGCCT-3') used was previously identified by O n a s a n y a et al. (2013) and was purchased from Operon Technologies (Alameda, USA). OPP-17 was used in amplifying the genomic DNA from all the 50 Xoo isolates. Amplifications were performed in a 25 μl reaction mixture consisting of genomic DNA, reaction buffer (Promega, Madison, Wisconsin, USA), 100 μM each of dATP, dCTP, dGTP, and dTTP, 0.2 μM Operon random primer (OPP-17), 2.5 μM MgCl 2 , and 1 U of Taq polymerase (SigmaAldrich). Amplification was performed in a thermowell microtiter plate (ICN Biomedicals, Costa Mesa, USA) using a MJ Research programmable Thermal Controller. The cycling program was (i) 1 cycle of 94°C for 3 min; (ii) 45 cycles of 94°C for 1 min for denaturation, 40°C for 1 min for annealing of primer, and 72°C for 2 min for extension; and (iii) a final extension at 72°C for 7 min. Amplification products were maintained at 4°C until electrophoresis.
Electrophoresis of PCR products and purification of the African Xoo virulence gene Opp-17 2000 DNA marker
The amplification products were resolved by electrophoresis in a 1.4% agarose gel (Sigma-Aldrich) using TAE buffer at 100 V for 2 h. A 1 kb ladder (SigmaAldrich) was used as the molecular size marker. Gels were visualized by staining with ethidium bromide solution (0.5 μg/ml; Sigma-Aldrich) and banding patterns were photographed over UV light using a UVPcomputerized gel photo documentation system. After an initial electrophoresis of PCR products in a 1.4% agarose gel, a separate and second electrophoresis of the PCR products in a 1.0% low melting agarose gel was conducted in TAE buffer at 100 V for 2.5 h. A 1 kb ladder was used as the size marker. Gels were visualized by staining with ethidium bromide solution (0.5 µg/ml; Sigma-Aldrich). Under a UV light, a specific DNA fragment of 2 kb size (OPP-17 2000 DNA marker tagged to African Xoo virulence gene, AXaVrg) (Fig. 1) was excised from low melting agarose gel and purified using a Qiagen DNA gel extraction kit (Q i a g e n , 2001).
Cloning and sequencing of AXavrg Opp-17 2000 DNA marker
The purified PCR 2 kb DNA fragment (OPP-17 2000 DNA marker tagged to African Xoo virulence gene, AXaVrg) (Table 2 ) was cloned and sequenced according to the procedure outlined in J u n g et al. (1999) .
Sequence analysis
Using the obtained nucleotide sequence and translated amino acid sequence, computer-based homology search was performed with the National Center for Biotechnology Information Basic Local Alignment Search Tool (NCBI BLAST+) software program while nucleotides to amino acid translation and phylogenetic unweighted pair-group method arithmetic (UPGMA) analysis were carried out using the CLC Main Workbench (Version 7.6) software (A l t s c h u l et al., 1990).
ReSUlTS
Cloning and DNA sequencing of the African Xoo virulence gene OPP-17 2000 DNA marker generated a 1953 bp nucleotide sequence, and consequently the African Xoo virulence gene DNA marker size was tagged as AXaVrg-1953 (Table 2) . BLAST homology analysis using nucleotide sequence of AXaVrg-1953 gave significant alignments, at 100% nucleotide identity with Xanthomonas oryzae pv. oryzae PXO99A complete genome (CP000967.1), Xanthomonas oryzae pv. oryzae MAFF 311018 DNA complete genome (AP008229.1), and Xanthomonas oryzae pv. oryzae KACC10331 complete genome (AE013598.1) ( Table  2 ). Significant alignments at 96% nucleotide identity were also obtained with Xanthomonas oryzae 16S-23S rDNA spacer region (AB026287.1), at 88% nucleotide identity with Xanthomonas oryzae pv. oryzae strain JXOIII HrpG gene (AY048682.1), and Xanthomonas oryzae pv. oryzicola regulatory protein HrpG and regulatory protein HrpX genes (AF272885.2), and at 82% nucleotide identity with Xanthomonas oryzae 16S rRNA gene (X95921.1) ( Table 2 ). Lineage and taxonomy nucleotide sequence alignment analyses revealed that AXaVrg-1953 was primarily of Xanthomonas oryzae pv. oryzae genome origin rather than that of Xanthomonas oryzae pv. oryzicola (Table 2) . BLAST homology analysis using translated amino acid sequence from the nucleotide sequence of AXaVrg-1953 produced significant alignments with known virulence proteins. The AXaVrg-1953 translated amino acid sequence has 10 virulence gene proteins which were penicillin acylase II, gamma-glutamyl phosphate reductase, putative outer membrane protein, TAL effector PthXo6 protein, TAL effector AvrBs3/PthA protein, HrpD1 protein, HrpD5 protein, HrcC protein, putative IS1113 transposase, and glycosyltransferase (Table 3) .
Relationships between the African Xoo virulence gene (AXaVrg-1953) and the other known 17 Xoo virulence genes have been revealed by a BLAST homology nucleotide sequence alignment UPGMA analysis (Fig. 2) . The analysis revealed AXaVrg-1953 was distinct from the other 17 Xoo virulence genes originating from China, Japan, Korea, Germany, and the United States (Fig. 2) . However, only Xoc-HrpG-China and Xo16SrRNA-Germany virulence genes were slightly related to the African Xoo virulence gene (AXaVrg-1953) at 37% similarity coefficient (Fig. 2) .
DISCUSSION
Molecular based PCR techniques have created opportunities for the application of DNA markers both in the identification of bacterial virulence genes and characterization to identify proteins involved in virulence and their functions in bacterial pathogenicity , 1996) . DNA marker linked to Xoo virulence genes could circumvent many traditional problems associated with phenotypic selection for Xoo virulence and offers a unique opportunity for identification of durable resistance cultivars to BLB disease (A d h i k a r i et al., 1995; A d h i k a r i et al., 1999). In the present study the African Xoo virulence gene (AXaVrg) DNA marker has been identified, sequenced, and characterized. Molecular sequencing has identified the AXaVrg-1953 DNA marker present in each of the 50 Xoo isolates analyzed in this study. This AXaVrg-1953 DNA marker was known to contain penicillin acylase II, gamma-glutamyl phosphate reductase, putative outer membrane protein, TAL effector PthXo6 protein, TAL effector AvrBs3/PthA protein, HrpD1 protein, HrpD5 protein, HrcC protein, putative IS1113 transposase, and glycosyltransferase in its translated amino acid sequence. The sequence analysis of AXaVrg-1953 DNA marker revealed that every Xoo isolate and strain in West Africa are virulent and possibly carry multiple virulence gene proteins to elicit hypersensitive reactions leading to BLB disease in host cells. This possibly suggests the need for pyramiding multiple resistance genes into rice cultivars would provide high performance and durability of genetic resistance to BLB disease in West Africa (N a r a y a n a n et al. marker from Africa has been confirmed different from those from China, Japan, Korea, Germany, and the United States by molecular sequencing and phylogeny in this study, with resistance genes against Xoo from China, Japan, Korea, Germany, and the United States possibly would not provide high performance and durable genetic resistance to BLB disease in West Africa (A d h i k a r i et al., 1999; N a r a y a n a n et al., 2002; S e r e et al., 2005).
CONClUSION
The gene sequence of AXaVrg-1953 provides a comprehensive identification of the type II secretion genes, specific type II-secreted proteins, type III secretion genes, and specific type III-secreted proteins in the African Xoo virulence gene, and a distinct differentiation from the other Xoo virulence genes from China, Japan, Korea, Germany, and the USA. This information is potentially useful for identifying rice cultivars with high performance and durable genetic resistance to BLB disease in West Africa.
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